Abstract-In this paper, we propose the effective way to demodulate the reference signal distorted by the channel in the UWB-IR system, adopting wavelet denoising algorithm, that generates a noise minimized template and DWT algorithm, calculates the variance of the noise to distinguish energy dense band.
UWB system transmits the reference signal before sending the data. AWGN is added while the signal is passing through the channel. The average of reference signal is used to reduce the noise of received signal. Noise can be estimated more accurately, if the number of reference signals increase. However, the data rate may decrease inverse proportional to the number of reference signal. In this paper, a way to use less number of reference signal is proposed.
III. WAVELET DENOISING
Most of the wavelet based denosing techniques are using multi-resolution analysis to divide the original signal and the noise. For preceding this analysis, the most important thing to do is setting up a threshold, which will decide whether the wavelet coefficient has more noise component or less. In 1994, Donoho and Johnstone presented wavelet shrinkage method [3] - [4] that can estimate desired signal from corrupted signal effectively.
A model of noise mixed signal can be expressed as
where w(t), f(t) and u are 0 mean σ 2 variance Gaussian white noise, unknown finite energy signal and the signal corrupted by noise respectively. It is hard to recover the exact value of f(t). Therefore, estimated signal ˆ( ) f t would be reasonable to solve the problem. We can get the optimal estimate of f(t) when maximizing signal to noise ratio witch is described on equation (2) .
Wavelet denoising algorithm that proposed in [3] has three steps. DWT, thresholding and inverse wavelet transformation are those steps. 
A. Discrete Wavelet Transformation Wavelet Transformation is expressed as a basis function
Performance Improvement Using Wavelet Denoising for UWB-IR System which consists of constant time-frequency information. As a result, it has an advantage for solving non-stationary signal problem. The unknown signal f(t) can be shown as equation (3) . Where (4).
The inverse wavelet transformation works as the opposite of the wavelet transformation.
B. Thresholding
The second step is thresholding that shrinks the coefficients of wavelet. There are two types of thresholding, one is hard thresholding and the other one soft thresholding expressed in equation (5) and (6) respectively.
Hard thresholding is the method defining the wavelet coefficient be 0, if the absolute value of coefficients in each bands are smaller than the threshold. Soft thresholding reduces each coefficient with the amount of the threshold value. Fig. 1 is a block diagram of symbol detection algorithm. The reference signal and data signal transmit through the channel are defined as equation (7).
IV. SYMBOL DETECTION
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where E g , h(t), T f , N r , N d and n(t) are transmitted Energy, channel response, frame time, number of reference signal, number data signal which is going to be transferred and AWGN with the power spectral density N 0 /2 respectively. Equation (8) shows how we can get the denoised template signal.
( ) 
To estimate MED and RMS delay, we proceed the DWT and acquire the standard deviation of the template of denoised signal as written in equation (9).
where d j (k) is detail coefficient of decomposed wavelet. MED and RMS delay can be estimated by using equation (9) as a threshold.
Now we can estimate the optimal numbers of sample which can be expressed as the equation below.
Conventional system had to calculate T j r h in every moment of the sample but the method we propose can improve the performance of the system by only needs to calculate N opt numbers of sample and demodulate the received signal. The parameters for the simulation are in Table I . The channel has two type that proposed in IEEE 802.15.3a, CM1 and CM3 model. Wavelet denoising has 4 levels, used Daubechies wavelet function and adapted rigrsure threshold method [5] . The simulation result under CM1 channel is shown in Fig.  2(a) . At BER=10e-2, the performance of using wavelet denoising algorithm only improves about 1.5dB comparing to the result, which is not using wavelet denoising. Moreover, close to 0.5dB of SNR improvement is shown, when adapting MED and RMS estimation. Fig. 2 (b) shows the simulation result when CM3 is used for the channel model. At BER=10e-2, there is about 0.6dB of SNR improvement can be observed by wavelet denosing algorithm, 0.4dB by MED and RMS estimation.
VI. CONCLUSION
In this paper, the analysis of effective method for symbol detection has conducted. The simulation result shows that using wavelet denoising to generate denoised template is a better way to improve the performance of the system then the conventional one. Moreover, the estimation of MED and RMS to find the section that has less noise component was also a considerable work for improving the performance of UWB-IR system.
